Seventy-five children aged 3 weeks to 12 years and found on investigation of symptomatic urinary infection to have vesicoureteric reflux were managed conservatively with continuous low-dose prophylaxis. Serial cystographic and renal growth studies were performed during seven to 15 years' follow-up.
Introduction
There is a close association in childhood between urinary infection, vesicoureteric reflux, and renal scarring of the in reflux and its possible consequences was reawakened by the observations of Hodson and Edwards3 and of Hutch et alI4 and operations were devised for correcting reflux at a time when neither its aetiology nor its possible effects upon the kidney were fully understood. Since reflux in childhood is usually found during the investigation of a urinary tract infection, the relative importance of infection and of reflux in the pathogenesis of scarring or of impaired renal growth has been particularly difficult to determine.
We therefore studied the effects of reflux in children who were maintained on long-term low-dose prophylaxis to prevent further urinary infection.
Children presenting with urinary infection in the Children's Department, University College Hospital, and found to have vesicoureteric reflux have generally been managed on a conservative regimen apart from a short period from 1961 to 1963, when ureteric reimplantation was quite often recommended. Since then surgical treatment has been advised for less than 10% of children with reflux. Nephroureterectomy was performed in children with the combination of severe unilateral scarring, hypertension, and gross ureteric dilatation. Reflux-stopping procedures were advised in infants with grossly dilated ureters, in children in whom for medical or social reasons (such as failure to attend clinics) it became impossible to prevent further infection, and in children with evidence of fresh or progressive renal scarring.
Over 250 infants and children with vesicoureteric reflux have been managed on a conservative regimen and we now report the results of seven to 15 years' follow-up of the first 75 children treated in this way. An earlier follow-up study of this group was briefly reported in 1969.5
Methods
The group comprised 75 children (58 girls and 17 boys) who presented with urinary infection in 1956-67 and in whom reflux was shown radiologically at least two weeks after the presenting infection had been controlled. Their ages ranged from 3 weeks to 12 years at the start and up to 24 years at the end of the study. Of the 19 infants aged under 1 year, eight were boys. Of the remaining 56 children, nine were boys. All the children had normal plasma urea and creatinine concentrations. In five girls there was a family history of reflux. Three children had a blood pressure greater than 140/90 mm Hg on presentation. Children with obstructive urinary tract disease, whether mechanical or neuropathic were excluded from the study.
BACTERIOLOGY
Since all the children were admitted to the study before 1967 infection was originally diagnosed by Guttman and Stokes's method, 6 which was based on obtaining a significant pure bacterial growth from a clean fresh specimen of urine. Most children also had more than 20 white cells per pl of uncentrifuged urine. After 1969 a surface-viable counting technique was used, and a pure growth of 100 000 or more organisms/ml fresh urine was regarded as evidence of infection.
RADIOLOGY
Children were investigated as outpatients by intravenous urography (IVU) and micturating cystourethrography (MCU). The latter was carried out at least two weeks after the presenting infection had been eradicated. Limited examinations were repeated every two years until reflux disappeared, in which case a confirmatory cystogram was carried out one year later.
IVU-For the initial investigation a four-film IVU was performed using Conray 280 (meglumine iothalamate) 2-2 ml/kg body weight to a maximum dose of 20 ml. The follow-up IVU was usually confined to a single film of the kidneys taken 15 minutes after the injection of the contrast medium. The renal length was measured and then related to that expected for the child's height. Renal growth was considered to be slow when the lag between the expected renal growth in length and that observed exceeded 1 cm over the period of follow-up. Growth was considered normal if renal length increased at or above the rate expected from the increase in the child's height.
MCU-For the MCU the bladder of the wakeful child was filled to capacity with [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Infection-There was no significant correlation between the recurrence of infection and the tendency for reflux to disappear (table II) . Reflux have taken place in 97 % of the unscarred kidneys and 74 % of kidneys that were scarred initially.
A fresh scar appeared in the previously normal kidney of a boy aged 10 and appeared to extend in the already scarred kidney of another boy aged 7. In both the scarring followed an infection in the presence of grade III-IV reflux.
PERSISTENT REFLUX Reflux persisted throughout the period of observation in 16 children (19 ureters). Surgical reimplantation was undertaken in three further children (four ureters)-the two boys with fresh scarring and a girl aged 18 whose infection recurred, with enuresis, when her prophylactic antibacterial treatment was discontinued after five years' freedom from infection. Three children (three refluxing ureters) were lost to follow-up after three and four years. In only three children was there no change in the severity of their reflux. All had evidence of ureteric dilatation on IVU and it was gross on MCU. Each related kidney showed generalised renal scarring with reduced renal size, uniform calyceal dilatation, and thinning of the renal substance.
CLINICAL PROGRESS
No significant side effects developed to the antibacterial drugs, and physical growth was normal in all the children. Hypertension was controlled with hypotensive drugs.
Discussion
This study was originally planned to differentiate the effect of sterile reflux from that of refluxed infected urine on the growth of the kidney but it soon became apparent that in many children reflux is self-limiting since it ceased in 83% of the ureters and over 700o of the children followed. This confirmed observations5 9 12 that reflux tends to stop spontaneously with time. Furthermore, this appeared to be a continuing process and one which could take place over several years, with lessening of reflux often preceding its complete cessation. Persistence of reflux for over six to 12 months is often regarded as an indication for its surgical correction, but in this series reflux stopped within two years of diagnosis in only 28%, of the children (38°o of ureters) in whom it finally ceased. On the other hand, an isolated negative cystogram does not prove permanent disappearance of reflux and a minor degree of reflux returned during continuing prophylaxis in about a fifth of the ureters before finally disappearing.
The severity of reflux was the most important factor determining the disappearance or persistence of reflux. Reflux disappeared spontaneously from only 410% of the ureters with grade IV reflux compared with 8500 of those with less severe grades of refluxes.
The initial cystogram was always carried out at least two weeks after a urinary infection, so that it is not possible to comment on vesical infection as a possible cause of vesicoureteric reflux. In our study, however, the likelihood that reflux would disappear did not differ significantly between the children who had further infections and those who remained free from them (table II) . We have no evidence therefore that antibacterial treatment "cures" reflux.
The value of long-term prophylaxis lies in preventing reinfection of the bladder, with the accompanying risk of ascending infection of the kidney while the vesicoureteric junction remains incompetent.9 Both co-trimoxazole and nitrofurantoin are satisfactory prophylactic drugs13 14; their action can be enhanced if overdistension of the bladder and the accumulation of residual urine are avoided by regular complete voiding and by double micturition at least once daily.
Lenaghan et al,15 using intermittent short courses of antibacterial drugs for treating recurrent infections in 102 children with reflux, recorded a spontaneous cessation of reflux in only 420). Altogether 66",, of ureters of normal calibre and 26°of initially dilated ureters stopped refluxing over five to 18 years' observation compared with 8501) of normal-calibre ureters and 41", of dilated ureters in our series. Moreover, Lenaghan et al observed fresh scarring in 21 0, of initially normal kidneys, while we observed this in only 1O-0
In each two-year period we found that reflux disappeared from 20-300" of the refluxing ureters being followed. This was probably an effect of maturation, the obliquity of the insertion of the ureter and hence its intramural length and valvular competence increasing with age. 1 King et all7 also regard the length of the intramural segment as an important guide to prognosis. This is also consistent with the smaller proportion of children in whom reflux stopped in the series of MacGregor and Freeman,'8 where there was a mean follow-up of five years compared with seven to 15 years in this study (mean nine years).
The finding that reflux disappeared from 12 of the 19 scarred kidneys is consistent with Vermillion and Heale's observations19 in patients aged over 12 with chronic non-obstructive pyelonephritic scarring. They showed vesicoureteric reflux in only 45 out of 97 scarred kidneys, although 86 (890,,) of the ureteric orifices were found on cystoscopy to have "abnormalities of such degree that reflux is likely to have occurred in the past," suggesting that childhood reflux had stopped. In view of these findings, the cystoscopic appearances are perhaps of less importance in determining management than the observation of normal renal growth without scarring.
Social, geographical, and temperamental factors in the child and the family must be considered in planning the long-term management of each child with urinary tract infection and vesicoureteric reflux, but any treatment programme should take into account the self-limiting nature of reflux in over three-quarters of the children affected.
